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INVESTIGATION OF MERCURY(II) CATALYSED REACTION 
BETWEEN FOTASSIUI'^ FERROCYANIDE AND ■ss^.-NITROSO- 
-NAPHTHOL : A KINETIC METHOD FOR TRACE ESTI- 
MATION OF MERCURY(ll) 


ABSTRACT 

A method is developed for estimation of mercury in 
catalytic concentration (1 x lO'® - 1 x M, by measur- 

ing its catalytic effect on the rate of substitution of 
cyanide on hexacyanoferrate(Il) . The progress of reaction 
.was followed spectrophotometrioally at 630 nm. The plots 
of absorbances (after a fixed time of 15, 20 and 25 minutes) 
ys mercury(Il) concentration gave straight lines. The 
of the method is + 6.6%. 


maximurn error 
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INTRODUCTION 

Mercury is one of the highly toxic pollutants present 
in our environment. It has been reported^ that many rivers 
are polluted with mercury which is destroying aquatic life 
and animal life dependent on the river waters. Challyar 
river in Kerala has a high level of mercury which has Infec- 
ted the river fish making It unsuitable as food. Mercury 
pollution is assuming dangerous levels m Orissa s 

Rushkulya river and Thane creek near Bombay where the 

toxic mercury has found its way in fish, milk and vegetab 
River Gangs is reported to contain the highest level of 
mercury along with other toxic pollutant. 

The detection and estimation of mercury is, thus, ® 

important step In the management of any pollution contro 

^-1 a4-ina to this toxic element, 
program relating uu 

such as Atomic Absorption Spectro- 
A number of methods such as .^elear 

iinalvsis Polarography and Nucl 
scoPY. Neutron Activation Analys , n^^^t 

scopy/ _ trace element 

Magnetic Resonance no this list is the 

determination. A recen a 

kinetic method of analysis w i . ^ g simplicity, 

. the conventional methods e.g., simp 
advantages over ^ ^celatively a 

..,^itv accuracy and economy. It 

specificity, acc ' trace determinations 

4 : r-,bs,earch and about 45 trace a 
young area of researc 

■ 2 
have been reported. 
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The catalysis of a reaction due to presence of a 
trace element or compound can be made use of for deter- 
mining the concentration of the catalytic species* In 
the present work a method is developed for the determi- 
nation of trace concentration of mercury by its effect on 
the displacement of cyanide in Fe(CN)g by nitroso 
compounds. 


GENERAL CATALYST MECHANISM 
A reaction involving a catalyst can be represented 
by the general equations: 


C + S 




X + Y 


.. ( 1 ) 


X + R 


p + z + c 


.. ( 2 ) 


where C represents the catalyst, S is the substrate, X is 
the intermediate complex formed, Y is a species which may 
be formed in addition to the complex, R is the reagen 
which reacts with the complex to give the final product P, 
with the formation of another molecule Z. The cataly 
regenerated in the reaction. Depending upon stability of 
the intermediate complex either forward reaction of Equation 
(1, or Equation (2) may represent the rate determining step. 
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So either the steady state concentration of X or the equi- 
librium concentration of X can be used to determine the 
form of rate expression. For either case it can be shown 
that 




. (3) 


where K is made up of all the rate constants and equilibrium 
constants, and ^4 ^ is the product or a more complex function 
of all the concentration terms, ~ x) is the reagent 

concentration at any time t) . The value of ^ can be 
made to remain constant by choosing a large excess of 
substrate. 

If the reaction also proceeds via an uncatalysed path 

S + R ^ P + Z .. (4) 

then the total rate of the reaction is given by 


dx( total) 
dt 


ini- 

tial 


dx(cat) 

dt 


dx(uncat) 

dt 


= Ko<^[c3[( [R J - x3 + 1C3[S J ( IRJ - X) 

.. (5) 



Dependence of Reaction Rate on Catalyst Concentration 


In the beginning of the reaction the extent of reverse 
reaction and complications resulting from any side reactions 
are minimal. Therefore, it is advantageous to use the 
initial rate method. If the small change in concentration 
of either reactant or product can be measured by a sensitive 
method then the initial rate of the reaction can be obtained, 
since the substrate concentration is taken in large excess 
and X is very small at the start of the reaction 

c) ” ^ C^oT * transformed under 

these conditions to 

= F fc 1 + F ' . . ( 6) 

• ■ i. • 1 ’-'O'* 

initi al 


dx( total) 
dt 





The equation (6) can be represented by the curve in the 
above figure. The linear relationship between initial 
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rate and catalyst concentration is clearly established. 

There are two general approaches to estimate the 
initial rate and hence the concentration of the catalyst: 

Variable time procedure- The time A t required to 
produce a fixed change in composition is measured. 

(2) Fixed time procedure- The change in composition A x 
produced over a fixed time interval may be measured. 

The fixed time procedure has been used to measure the cata- 
lyst concentration in this set of e5<periments for which 
Equation (6) can be rewritten as 
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any physical method and A x determined at a fixed time 
after mixing the reagents. 

3—5 

Mercury has been estimated by various workers 
making use of its catalytic effect on the replacement of 
cyanide in potassium ferrocyanide by various ligands. 

^ -Nitroso-P-naphthol has been selected as a ligand in 
present study/ since it is cheap and commonly available. 

Its solution in alcohol can be stored for a long time with- 
out any observable decomposition. 


EXPERIMENTAL 

Reagents used ; 

K Fe(CN)^ .3H„0 G.R. (Sarabhai M. Chemicals), 

4 o z 

to4-nitroso-P-naphthol extra pure, abbrev. N^N, and 
HgCl2 A.R. (B.D.H.). 

Double distilled water was used to prepare solutions 

of Fe(CN)g and HgCl 2 . Freshly distilled ethanol was 

used to prepare solution of N ^N. 0. 1 M Fe(CN) g 

solution was kept in dark amber coloured bottle to prevent 
its photodecomposition. From this stock solution appro 
priate dilutions were made just before use. 0.01 M HgCl 2 
was prepared and stored... The required dilutions were made 
daily as Hg^'*’ is adsorbed by glass from dilute solutions. 
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0.01 M n[ 6 n was prepared in ethanol. From this stock 
solution appropriate dilutions were made with distilled 
water just before use. 

Equipments used; 

Spectronic-20 (Bausch & Lomb) , Beckman DB and Cary-17D 
Spectrophotometers were used for this investigation. Spec- 
tronic-20 was used in the visible range. BecXiman DB was 
used in UV and visible range to study the interaction of 
N N and HgCl 2 . Cary -170 was used for fast scanning 
experiments. ELICO Digital pH meter model LI-120 was used 
to adjust the pH of solutions. 


SPECTRA OF REACTANTS AND PRODUCTS 

The reactants are o<^-nitrosO|lD -naphthol 
and 371 nm, log (f- ^ = 4.1, log ^ 2 ~ ^4 

HgCl 2 . The first two react together in presence of HgCl 2 
to give a green coloured complex nm) . The rate 

of the reaction is followed by measuring the change in 
absorbance at 630 nm. At this wave length the absorbances 
of the reactants are negligible as shown in Fig. 1. 

Effect of pH 

The following solutions were used to study the effect 
of pH on the rate of the reaction: 



400 


600 


500 

h 

Fiai. SPECTRA OF REACTAWTS AND PRODUCTS I 
A * PRODUCT, 8 *» dL- NITROSO B - NAPHTHOL, 


I VISIBLE RANGE. 
Cs Ka[Fc<CN)6]. 
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[■K^Fe(CN)g} = 

[V Np3 

[HgCl2 ] = 


2.5 X IQ-^ M 
2.5 X 10"^ M 
5.66 X 10"^ M , 


The rate of the reaction was studied at various pH values 
at 25 °C and 630 nm using fixed time procedure. It was found 
that the rate of the reaction increases with increase of 
pH then attains maximum value at pH 2.5 - 3.5 and decreases 
with further increase of pH. The pH profile of the reaction 
is given in Fig. 2. 


Interaction of ^ N and rigCl 2 

There was some indication that N forms a complex 
with the mercury salt. To study their interaction the follow- 
ing conditions were used: 


n1 = 2 X 10"^ M 

(^HgCl2 3 = 2 X 10"^ M 

pH = 2.5 


Temp- = 25 °C. 


5 ml of ^ N was mixed with different volumes of HgCl 2 
and the solutions were made up to 10 ml (Table l) . pH 
these solutions were adjusted to 2.5. Spectra 


solutions were recorded in 


UV as well as in visible regions 


( has two peaks at 263 nm and 371 nm) . It was fo 

that there was no change in absorbance as well as no shift 
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in peak at these two wave- lengths. It can be concluded 
that there is no complex formation between and HgCl^ 

at pH 2.5 (Fig. 3). The concentrations of solution are 
given in Table 1. 


Table 1 


Solution 

Number 

' * ' '"""F 

Concentration 1 

of -nitroso- 

-naphthol 1 

Concentration 
of mercuric 
chloride 

1 ■ 

1.0 X 

10“^ M 

- 

2 

1.0 X 

10"^ M 

' 0.25 X 10”^ M 

3 

1.0 X 

lO"^ M 

0.50 X 10“^ M 

4 

1.0 X 

10“^ M 

0.75 X 10"^ M 

5 

1.0 X 

10”^ M 

1.00 X 10 ^ H 

6 

- 


1.00 X 10"^ M 


The above experiment vjas repeated at pH 5.6 ( ig* 

It was found that there was a definite change in ahsorbanoe 

11 a ah-ift in at these two peaks (263 and 371 nm) . 

as well a shitt: .in / 

^ is complex formation 

We can conclude, therefore, that there is 

between o<N^N and HgCl^ at pH 5.6. The stoichiometry of 
this complex was determined by the mole ratio method. 



{%) TRANSMfSSION 
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WAVELENGTH, n m 

FIG. 3. INTERACTION BETWEEN oL-NITROSO (3-NAPHTHOL AND 
HgCl2 AT pH 2'5. 
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Mole ratio plot : 

To determine the composition of the complex formed 
between and HgCl^ the mole ratio method was employed- 

The following conditions were used in this ej^eriraent: 

n3 = 2 X 10“^ M 

[^HgCl23 = 2 X 10” M 

pH = 5.5 - 5.6 

Temp. = 25“C. 

5 ml of was mixed with different volumes of HgCl^ 

and the solutions made upto 10 ml. pH of each solution was 
adjusted to 5.5 - 5.6. The absorbance of each solution was 
measured at 370 nm. From the mole ratio plot (Fig. 5) it 
was found that metal to ligand ratio in the complex is 1:2. 

Following this investigation the Hg^^ catalysed reac- 
tion of Fe(CN)g and «( was carried out at pH 2.5 

where the complexation between and Hg is negligible 

and mercury acts as a catalyst only. 

Absorbance- time curve 

The rate of the reaction was monitored by measuring 
change in absorbance at 630 nm; pH = 2.5 and tsnper 
40'’C, Higher temperature was chosen to increase 
Theoretically absorbance of the product should gradually ^ 
increase with time and finally attain a limiting val 



ABSORBANCE 
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FfG. 5. MOLE RATIO PLOT OF Hg**AND cL-NITROSO B-NAPHTHOL 
X a 370 n m. 
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This is represented by the following curve: 



In actual experiments the shape of the curve is slightly 
different as shown in Fig. 6 and Fig. 7. The nature of 
the-se curves indicate that there is some induction period 
for this reaction. 


Calibration curves for estimation of mercury 

The following conditions were used to obtain the cali- 
bration curves N(^Nj = 1 xlO , [^K^Fe(CN) = 10 M, 

j~HgCl 2 J= 10"^ M-10“^ M, temp. = 35 + O.l^C^ pH = 3 + 0.2. 

1 ml of N^N was mixed with 3 ml of H^O and the pH 
adjusted to 2.2 so that pH of the final mixture was 3 + 0.2. 
To this 0.5 ml of Fe(CN)g and 0.5 ml of HgCl2 of chosen 
concentrations were added. Absorbance of each solution was 
measured at 630 nm for about 1 hour. From such curves abs 
bances at 15, 20, 25 minutes were read 

^ A 6 594 1 

ftoi* 
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Table 2 

Absorbance at Fixed Time for Various f 1 


(^Pe(CN)g 1.0 X 10"^ M;^N^N=2 x lO'^ M, 

pH = 3 +0.2, t = 35 + 0.1°C, ^ = 0.-1 M 


loncentration of 
("llqjx 10® 

^15 

^20 

^25 

1,0 

0.148 

0.182 

0.193 

2.0 

0.177 

0. 222 

0.245 

3.0 

0. 220 

0..273 

0.310 

4.0 

0.252 

0.312 

0.360 

5.0 

0.285 

0.352 

0.412 

6.0 

0.332 

0.405 

0.475 

7.0 

0.362 

0.-445 

0.525 

8.0 

0.395 

0.485 

0.580 

9.0 

0.435 

0.530 

0,640 

10.0 

0.465 

0.570 

0.700 


From Least s^nuare fits the following relationships are 
obtained: ■ 


= 0.3586 X 10^ + 0.110 

= 0.4356 X + 0.138 

A 25 = 0.5617 X 10^ C^g^’^3 + 0.135 
The maximum error of the method isjr 6 . 6 %. 


.. ( 8 ) 
.. (9) 
. . ( 10 ) 
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plotted against mex'cury concentration. These plots are 
foiand to b €5 linear as shovm in Fig. 8, The points shown 
on the curves are average of absorbance values of at least 
three kinetic runs. 

The percentage error for each run was calculated and 


has given in Table 3. 
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Flo. 8 ABSORBANCE AT FIXED TIME VS. Hg” CONCENTRATION 

[d. N.B. Nj .2xIO-3m, [Kji Fc (CN)6>10 x lO'^M, TEMP. . 35' C 
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DISCUSSION 

The probable mechanism of the reaction and role of 
the mercury catalyst in the reaction can be understood if 
the reaction is assumed to tahe place according to the follow- 
ing scheme; 

[Fe(CN)g]^- + Hg++ + HjO [Fe(CN) ^- + HgCN+ 

[Fe(CH) 5 .H 2 oj^‘ N|?.N > Green complex 


HgCN+ + H+ + CN 


Earlier work^“^ supports this hypothesis. The role of 
mercury is to extract the CN- from hexacyano ferrate ion 
enabling the solvent molecule, in this case water, to 
replace the same. The pentacyanoaquoferrate reacts with 
^N^N according to step (2). Hg is regenerated in 
third step and can be reused in a cyclic manner. 


The effect of pH on the rate of reaction (Fig. 2) can 
be rationalised on the basis of the above proposed scheme. 

At high pH regeneration of mercury is not possible according 
to step 3. High pH also results in precipitation of the 


hydroxide of mercury. Added to this is the tendency 

to complex with mercury at higher pH to form a 1:2 
complex (Fig. 5) . A= hhe pH is lowered the rate increases 



24 


understandably. The rate again decreases at pH <2. 2 which is 
probably due to the formation of more stable and kinetically 
less reactive protonated forms of hexacyano ferrate viz., 

CHFe(CN)6V'' ' C»3 e] 

A time scan of the reaction mixture between 350 -800 nm 
(Fig. 9) shows that the absorbance increases at X (030 nm) 

Of Xe complex as well as 1 ,,, (370 nm) of This can 

happen If the complex between [■Fe(CN)gl^- and also 

absorbs close to 370 nm and its extinction coeffioient is 
relatively high. In that case the decreasing peak of 
will be buried under the increasing peak of the complex as 
the reaction proceeds. A second time scan has been 
(Fig. 10) between 400-800 nm to clearly depict the increase 
in concentration to the complex with progress of reaction as 
shown by continual increase in absorbance at 630 nm. 

The analytical application of this reaction is prom 
.7 H-n Hptermine the concentration 

sing because it enables one to determine 

^ 10"^^^). Though in ter- 

of mercury in trace amounts (10 - lu 

ferences have not been Investigated in detail, it is found 
that metals forming oon^lexes with cyanide ion e.g.. Au. A8. 
ca, etc. will interfere to some extent. 

Qualitatively it has been verified that many comm 
metal ions other than the ones mentioned above donot interfere 
in this analysis. The concentration of Hg- can be calcula- 
ted from equations 8, 9 and 10. The maximum err 



FIG. 



FIG. 10 RAPID SCAN OF REACTION MIXTURE BETWEEN 400-800 
[d.. N. fl. N] [K 4 FeCCN^- 0-5x10'^ M, [HgCl2]=2-5x 

REFERENCE * DISTILLED WATERf^ 



9Z 
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method has been found to be t6.6%(Table 3) which is accep- 
table at this small concentration of mercury present in 
solution. The lowest detection limit is lO” M. 

At the risk of repetition it has been demonstrated 
that the mercury (II) catalysed reaction between hexacyano- 
ferrate(II) and can be used to estimate the concen- 

tration of mercury under vSpucified conditions down to the 

-6 

concentration range of 10 ' M. The method is simple/ cheap 
and dependable. 
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